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(54) Title: IlIERMOSET ELASTOMERS. 



(57) Abstract 

The subject mvention jaovides a diemioset elastomer comprising a crosslinked pseudorandom or substantially random interpolymer 
of: (a) from 15 to 70 weight percent of at least one a-olefin. (b) from 30 to 70 weight percent of at least one vinylidene aromatic compound, 
and (c) from 0 to 15 weight percent of at least one diene. The subject invention further provides provides a thermoplastic vulcanizate 
comprising the theimoset elastomers of die tnventioD as provided in a thermoplastic polyolefin mauix. The subject invention further 
provides processes for preparing the inventive thermoset ehistomers and thermoplastic vulcanizates. as well as parts fabricated therefrom. 
The inventive materials have a superior balance of properties, as compaxed to EPM and EPDM based materials. 
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The subject invention pertains to Ihennoset elastomers, to a process for their preparation, and lo 
products fabricted firom such elastOTiers. 

Elastomers are defined as materials which expenence lai;ge reversible defonnations under 
5 relatively low stress. Elastomers are typically characterized as having stnictiual ureguiarities, non-polar 
stfuctuies* or flexible units hi the polymer dudn. Some examines of ctmunefdally available elasiomeis 
inchide uttml robber* ethylenc^wopylcne (EPM) copolymers, ediylene/pn^ylene/diene (EPDM) 
copolymers, styrene/butadiene copolymers, chlorinated polyethylene, and silicone lubber. 
Iheimoptostic elastomers are dasttmicrB havmg thcnnoplasiic properties. 11iatis» 
10 dbennoplastic elastomers may be molded or otherwise shaped and reprocessed at temperatures above 
their melting or softening point One example of thermq)lastic elastomers is siyrene-butadieoe-sorene 
(SBS) block copolymers. SBS block copdymers exhibit a two i^iase mocphology oonsistmg of glassy 
polystyrene do m a in s connected by nibbcry butadiene segments. At temperatures between the glass 
transition tenq)erature$ of the butadiene midblock and the styrene endblocks, that is, at temperatures 
15 fipom -90*^ to 1 16''C the SBS copolymers act like a crosslinked elastomer. 

European Patent Publicaaon 416,815 discloses pseudoEBDdom ethylene-styrene inteipolymeis. 
Uncrosslinked pseudorandcnn ethylene/styrene interpolymers exhibit a decreased modulus at 
temperatures above die melthig or softenmg pc^t of the hiteqiolymer. 

SBS copolymers and uncrosslhiked ethylene-styrene pseodorandom inteipolymers suffer the 
20 disadvantages of relatively low mechanical strength, susceptibility to ozone degradatioo (to the extent 
that they have sites of unsaturation in the polymer baddxme), and utiiiQr m only applications where the 
temperanire of the elastomer will not exceed the meltmg or softening pomt of the elastomer. 

In contrast, thennosetelastODiers are elastoniers having thainoset(»ope^ Ibatis, 
ttiermoset elastmners irreversibly solidify or ''set" when heated, generally due to an inevetsible 
25 crosslinkingreactioo. Two examines of theimosetelastXMnera are crosslinked ethyleoe-piopyleiie 
mooooker robber (EPM) and crosslinked ethylene-propylene-diene monomer rubber (EPDM). EPM 
materials are made by the o^ymerizatioo of eth^ene and propylene. EPM materials are typically 
cured with penixides to give rise to crosslhikhig, and Aerebyhito EPDM 
materials are Imear interpo^ers of edi^ene, propylene* and a noo^ 
30 hcatadicne, diqfCiopentadicne» or ethylidcne noriwrnene. EPDM materials are typically vtdcanized with 
sulfur to hiducethernioset properties, although th^altenadvdy may be c^ While 
EPM and EPDM materials are advantageous in that they have ^iicability in high^ temperature 
i^lications, EPM and EPDM elastomers suffer the disadvantages of bw green strengdi (at kywer 
ediylene contents), of a higher susceptibility of the cured elastomer to attadc by oils than characteristic 
35 of styrene butadiene robbers, and of resisunce of the cured elastomer to surface modification. 
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Cracture is cbaractenzed at the beginning of losing extnidate gloss at which the surface roughness of 
extrudace can only be detected by 40 X magnification. Gross melt fracture occurs at unsteady flow 
oooditioos and ranges in detail bom regular (alternating rough and smooth, helical, etc.) to random 
distodioiis. llie critical shear late at the onset of surface melt fracture and oo^ 
5 as used herein, are based oa the dunges of surface roughness and config urations of the extnidaies 
extruded by a GER. 

Substantially linear interpolymers of eliiyleae and styrene are disclosed in USP 5jn236 and 
USP S,272^& and in U^. Patent ^ifdication Serial Nos. 08/166^789 to inventors Lai et al. filed on 
December 13, 1993 and 08/166,412 to inventors Lai et aL filed on December 13, 1993, the disclosures of 
10 which are hiootporated herein by reference. 
The a-olefin Monomer 



where R is hydrogen or a hydiocatbyl radical having fiomoiie to twenty carbon atcnns^ Typicala- 
15 (d^ns inchide, for example, ediylene, propylene, 1-butene, 3-methyl4-butene, 1-pentene, 4-methyl-l- 
pentene, 1-hexene, 5-mediyl-l-liexene, 4-ediyl-l-hexene, l^octene, 1-dodeoene, 3-pbenylpropene, and 
mixtures thereof. IVcferably, die a^)lefinwiUo(mq»ise ediylene, or a mixiim 
0H)lelin,8acfaasl-butene> l-penteoe»4-mediyMi)entene, l-hexeoe,or 1-octene. 
Tbe Vinylidene Aromatic Mooomer 
20 Suitable vin^idene aromatic monomers are rquesented by die following formula: 



wliereinR| is selected from die group of radicals consisting of hydn^en and alkyl radicals orataining 
fliiBc cailinn& or le», and Ar ia aetectad from ihg group of ladicais cnroettBring nf phftnyl, halnptifflyl, 
ailqrlphen^andalkylhalophenyL Exemplary vinylidene aromatic mooomers ipdude styiene; a- 
25 mediylstyieoe; theCl-04 alkyl- or phenyl* lii^g sobstituted derivativesof serene, such as odho-, meia-, 
and para^nethylstyrene, or mixtures diereofi the ring halogrnnted styrenes saOk as cfalorostyiene; 
vinylben»)cyclobatane8;anddivinyIbenzene. Serene is a particulariy desirable viii^ideoeanniadc 
monomer used in die laactice of the present invcntlotL 



30 invention is at least 30, preferably at least 35 weight percent based on die weight of the interpolymer. 
Hie vinylidene aromatic m onomer is typi cally incorporated in die interpolymers of die invention in an 
amount less than 7Q» more typically less dian 60 weight percent based on the weight of die 
interpolymer. 
TheDiene: 



SuitaUe a-okfins are represented by die following formula: 

CH2=CHF 




Ihe level of vinylidene aromatic monomer incorporated in the diermoset elastomers of the 
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One or more dienes can opciooally be inooiporated into the intcfpolymer to provide functional 
sties of imsaniration on the inteipolymer useful, for example, to participate in crosslinking reactions. 
While conjugated dienes sudi as butadiene, 13-pentadiene (that is, pipeiylene), or tsofwene may be used 
for Ibis puipose, ooncoojugaicd dienes ait prefened. Typical noncoojugated dienes include, for example 
5 the open-Gliain ncnconjugated diolefms such as l/t-bexadiene (see U^. Patent No. 2,933,480) and 7- 
melfayM,6-octadiene (also known as MOCD): cyclic dienes; bridged ring cyclic dienes, such as 
dicydopeotadiene (see VS. Patent No. 3,21 1,709); or alkylidenenoibonienes, sucb as 
meaiyicneoo rt wn i ene or ethylidenenofixxnene (see U.S. RfOent No. 3,151,173). The noncoojugatad 
dienes are not limited to those having only two double bonds, but father also taidude Hbosc having three 

10 or more double bonds. 

Tbedietteisino(»poratedindieelastomersof the invention in an amount of from 0 to 15 
weight percent based on the total weight of the tnterpolymer. When a diene is employed, it will 
preferably be provided m an amount of at least 2 weight percent, more (weferably at least 3 weight 
percent, and most prefinably at least 5 weight percent, based on die total weight of die hiteq>olymer. 

15 Likewise, when a diene is employed, it will be pioidded in an amount of TO 15, preferably to 

morethan 12 weight percent based on the total weight of the inteipolymer. 
Preparation of the substantially random/pseudorandom mterpcdymers: 

The substantially randooo/jpseudorandom interpolymers may be prepared via the solution, 
sluny, or gas phase imeipolymerization of the a-olefm, the vinylidene aromatic compound, and the 

20 optional diene, in the presence of an olefm polymerization catalyst comprismg a metal coordination 
oomi^x and activating cocatalyst, such as are described in European Patent Publications 416,8 15-A, 
468,6S1-A, 514,828-A, and 52a732-A, in U.S. Patent Apptication Serial No. 8,003, filed January 21, 
1993, and in U.S. Patent Nds. 5,055,438, 5,057,475. 5,096,867, 5,064.802 and 5,13238a die disclosures 
of which are mooiporated herein by reference. Also suitable hi the practice of the daoned mvention are 

25 die mooocydopentadienyl trandticm metal olefin polymerization catalysts taught m USP 54)26,798, as 
well as the catalysts disdosed in European Patent Publication 572,990-A2, die disclosures of miiich are 
incoiporatpd herein reference. 

The fdfipgomg catalysts may be fuidier described as oonqiriste^ 
oompridng a metal ofGroiv in or IV or the I^dianide series of die Perioffic lUde of 

30 a iTfVyflH^fif n-bonded mdety substituted widi a oonstndn-faiducing moiety, said com|dex havfatg a 
OQDSHained geometry die metal atom such diat die angle at die metal between die centroid of the 
ddocalized, substituted I1*bonded moiety and die center of at least one remainmg substituent is less dian 
such angle in a rimilar coaxj^jL conttdning a similar I1*bonded moiety lacking m such oonstcain- 
indudng substituent, and intivided further dial for such complexes comprising more than one 

35 ddocalized, substituted x-bonded moiety, cxily one diereof for each metal atom of die complex is a 
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cyclic, delocalized, subsciuiied n-bonded moiety. Hie catalyst furtber piefenibly comprises an 
activating cocatalyst 

1. The metal coordinatioo complex. The metal coordination complex employed will preferably 
contspond to the following formula: 




wherein R' at each oocunenoe is independently selected from the group consisting of hydrogen, 
bydrocarbyL silyl, gennyU cyano. halo and combinations theieof, each said R' having up to 20 ooo- 
hydrogea atoms, and with two R' groups (where R' is not hydrogen, halo, or cyano) being optionally 
joined together to fonn a <fivalent derivative thereto connected to adjacent positions of the 
10 cyctopentadicnyl ring to fonn a fused ring structure; 

X at cadi ooc ui rence hidependeotly is selected from the group consisting of hydride* h flin , 
hydrocBiby], sUyl, gennyl, bydrocart^loxy, amida siloxy, and cxunlnnations thereof, each said X having 
up to 20 non^ydn^en atoms; or vAm M is in the i-3 oxidadon state. X is preferably a stabiiizhig ligand 
comprising an amine, phoqdiine. ether or thioether functionality able to form a coonlinaie-oovalent bond 
IS or chelating bond with M, or (when X is a hydrocarbyl) an etfiylenic unsaturation able to fonn an r\S 
bond with M; 

Y is a divalent anionic ligand group comprising nitrogen, phosphores, oxygen or suifiir 
(preferably -0-. -S-, -NR*-, or -PR*-) and havmg up to 20 non-hydrogen atiMns, s^d Y bdng bonded to 
Z and M dirough said nitrogen, pho^Amis. oxygen or sulfur, with Y and Z being optionally joined 
20 together to form a fused ring system; 

M is a Group 4 metal, especially citaniom; 

Z is SiR*2- CR*2. SiR*2SiR*2t CR*2CR*2» CRWL\ CR»2SiR*2. GcR*2. BR^ or BR«2; 

at each oocomnce Is tedqiendently selected fiom the group 0(1^ 
23 bydrocaiby L rilyl, halQgenated by drocaiby 1 groups having up to 20 non-hydrpgen atoms, and 

ccnnlnnadons dieroof, with two R* groups from Z (when R* isnot hydrogen) or an R* group fimnZ 
(wbea R* is not hydrogen) and an R* group from Y (when R* is not hydrogen) being optionally joined 
to form a fused ring system; and 
nisi or 2. 

30 Ihe most preferred metal ooonSination complexes are amidosilane^ or amidoaUcanediyl- 

compounds conespooding to the following ftxmula 11: 
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R^ 
wbmin: 

M Is titanium bound in an i)5 bonding mode to tbe cyclopentadienyl gioup; 
R* at cadi oocuireooe Is lndq)eodeatly selected from the group consisting of hydrogen, sUyL 
S hydrocarbyl, and combinations tbeieoC each said R* having iip to 10 carbon or silicon atcxns, or with 
two R' groups {wben R' is not hydrogen) being jcnned together to fonn a divalent derivative thereof 
connected to atg acent positions of the cyck^entadienyl ring to form a fused ring structure; 
Els silicon or carbon; 

X is independently at cadi occunence hydride* halo, hydrocarbyU or bydrocaibyloxyt each said 
10 X having iq> to 10 carbons, or when Mis hi the -fSfmnal oxidation state. X is pv 

hgand such as a hydnicaibyL silyL anudo or phosphido iigand substituted with one or more al^ihatic or 
aromatic etiia-t thioether-, amhie- or fdiospliine- functional groups. e^Mially such amme or pbosiribdne 
groups that are tertiary substituted, said siabilizii^ ligand having £rom 3 to 30iionhydrogenatoms.or X 
is a C3-15 hydrocarbyl group containing ediylcnic unsaturation; 
IS mislor2;and 
nislor2. 

Examples of these most preferred metal coordination complexes indude compounds wberem 
the R* on the amido group is mediyU ethyL propyl, butyl, pentyl. or hexyl (induding iscmers of tiiese 
alkyls) norbonyl. benzyl. ^imyU etc.; the cydopentadienyl group is cydopentadienyi. indenyl, 

20 tetrahydrmndenyl. fluocenyl octabydrofiuorenyt. tetrahydrofluorenyU etc.; R' on the foregoiiig 

cydopentadienyl groups Is independently at each occurrence hydrogen, methyl ethyl propyl butyl 
peo^l hexyl Dotbomyl benzyl pbeiiyl etC4 andX isddoroi btomo. iodaiaethyletl^l propyl butyl 
pentyl hexyl (indndiiig isomers <tf these alky k), noiboniyl benzyl phenyl etc. oriKlien M is in the 4-3 
f omal ftgMatinn mfe, X IS most prefimbly 2-diaIkylaaihiobeozyl or 2<diaDgf l-amhiomediyl)phenyl 

25 grotips cootahung from 1 lo 4 carbons in die aOcyl groups, or an ailyl l-metiiylallyl 2-metiiylallyl 1, 1* 
dimethylallyl 1.23-trimeihylallyl l-pbenyK34)enzylallyl or l.l-dipfaenyl-3-(diitoyhnethyl)a]lyl 
group. 

Specific embodiments of these most preferred metal coordination complexes indude (ten- 
butylamidoKtetrBmetiiy]-i)5<yckqpentadienyl)-1.2<etiian6diylziroonium dicfaloride; (tert-butylamido) 
30 (tetraDiethyl-i)5-cydopentadienyl)-1.2-ethanediyltitattium dichloride; (methytemidoXtetramethyl-i|5- 
cyclopentadien^>-1.2«tiianediylziroonium dichloride; (mediylamidoXtetramethyl-i)S- 
cyclopentadiei^)-1.2-etiianediyltitanium tUdiloride; (ethylamidoXtetnnnethyl-TiS- 
cyclq)entadienyl)metiiylenetitanium didiloride; (tert-butylamido)dimediyl(letramethyl-i)S- 
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qrclopentadienyl) sllaneUtanium dimethyl; (cert*buty)amido)dimethyl (tetrametbyl-i]5- 
cyctopentadicnyDsilanezirconium dibenzyl; (benzylainido}diinethyl(tetnunetbyl--n5* 
qrclopeiitadienyl)silanetitaniuin dichloride; and (pbenylphospbido)-duiiechyl(iecrametbyl-i)5- 
cyck)f)entadicnyl)silane zmxmium dibenz^ 
5 Otber prefened monocydopentadienyl metal coocdination complexes useful to prepare the 

InterpolymerB will include tttanlum or zirconium in the •f2 fonnal oxidatira state and will contspood to 
die following fonnula HI: 




wber^: 

10 at eadi occurrence is independently selected from the group oonsisdng of bydiogeo, 

hydrocafbyl silyU gennyU cyano, halo and oombinations thersof. each sdd R* having up to 20 noo- 
bydrDgen atonis» widi two R' groups (when R* is not hydrogen, halo or cyano) being optionally joined 
logedier fomi a divalent derivative ihemtf connected lo adjacent positions of die cydopentadienyl ling 
to form a fused ring stnicture; 
IS X is a neutral ii4-bondeddiene group having up to 30 non-hydrogen atoms, which fonnsall- 

ocHnpIex or a o-complex with M (as disclosed in U.S. Patent Serial No. 241,523, filed on May 12, 19^ 
or U.S. Patent Serial No. 267»993, filed on June 28, 1994» die disclosures of which are incoiporated 
herein by reference); 

Yis-0-,-S-.-NRN-PR*S 
20 M is dtanium or ziroooium in the •f2fmnal oxidation state; 

2* is SiR»2. CR*2. SiR*2SiR*2. CR^^*^ CR*«CR». CR*2SiR*2. « GcR*2. wherein: 
R* at each occurrence is mdcpc o dc n dy hydrogen, or a member selected firom tbegioup 
consisting of hydrrauty U sOyi haksgcaaied hydrocaibyit and mixtures thereof; each said R* havii^ up 
10 20 noo^ydrogen aiciins, with two R* gnsiipft firom Z* '(vdiere R* is nM 
25 firom (where R* is not hydrogen) and an R* group frcmi Y (where K* is not hydrogen) beuig 

optionaUyjohied to form afnsed ring system. Ibese are disclosed in full in U.S. Application Serial No. 
82,197, filed June 24, 1993, die relevant pmioos of vfbich are inoopcHated herein by reference. 

2. The activating oocatalyst The activating cocatalyst is employed to cause the metal 
coordination complex to become effective as an addidm polymerization catalyst or to balance the ionic 
30 Ghaige of a catalydcaliy activated metal oocmiination complex. Suitable cocatalysts for use hernn 
hichide p(4ymeric or oiigomeric alumoxanes, eqwcially mettiylahmioxane and modified mediyl 
alumoxane; polymeric, digomeric monomeric carbylboranes, especially 
tris(peotafluorophenylMxirane; aluminum alkyls; aluminum halides; haloaluminum alkyls; odier strong 
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Lewis acids; ammontum sales; oxidizing agents, such as silver salts, fenocenium ions, etc; and mixtures 
of such cocatalysts. Prefeired cocatalysts are noninterfering, noncoordinaiing, ion-fonning bofon 
compounds, sudi as tris(pentafluoiophenyl)borane. 

Aiumoxanes can be made as disclosed in U.S. Patent Nos. 5.542,199; 4*544,762; 5*015,749; 
5 and 5,041,585. the disdosures of whidi are incoipoiated beietn by reference. So called modified metbyl 
aliimoxane(MMAO)ts also suitable for use as a cocatalyst One tecbnique for preparing audi modified 
alumoxane is disdosed in U^. Falent No. 5,041,584, the disdosure of whicb is incoiporated berdn by 
reference. 

3. FteparBtioo of the active metal coontinationoompleKes. Active catalyst ^)ecles»dutt is, the 
10 catalysis resulting ftorn the combfaiacion of the metal coordination complexes and an actlvadng 
cocatalyst, can be prepared via any of die following tedmlques: 

A. As disdosed in U.S. patent 5,064,802 and 5,13Z38. the disclosure of which is incoiporated 
herein by reference, the metal coordination co^^)lex containmg at least one substituent (preferably at 
least one hydrocaibyl or substituted hydrocarbyl group) is combined with the cation a second 

. 15 compooem which is a Bronsted acid and a nonoocxdinating compatible anion (such as substituted 
ammonium salts, for exan^le, NJ^HBmediylanalimiwm tetrBki$(pcntaflooropbenyl)borBte); 

B. As duclosed in IYT>^Uc8tion93/2M12, the disclosure of whidi is inc^^ 

1^ ref ercooe* the metal coordination complex is combined with at least one second component v/bkh is a 
salt of a carbenium and a noncoonfinathig, compatible anion; 
20 C. As disdosed in UJS. Patent No. 5.189,192, the relevant ponlons of wludi are incoii^^ 

herein by reference, a reduced metal derivative ttf the desired metal coordination complex wherem the 
metal is in an oxidation state one less than that of the metal in the finished complex is ocmibined with at 
least one second c(»nponent whidi is a salt of a cationic oxidizing agent and anonooonlinadAg, 
compatible anion; 

25 D. As disdosed in U.S. Psatent y^licadon Serial No. 08/34,434, filed March 19. 1993, the 

relevam portions of whidi are inaiiporated herein by reference, a reduced metal M 
metal ooofdhialion complex wherdn the metal is in an oxidadcm state one less dian that of the metal in 
ftefiidshed complex is conrttoed with at least one gecoodomiponcm 

(suA as qnfaione cwnpoWs eqi«3tolly biaqmnonesl to combination with a Lewis add militating agent 

30 (8ud)asirispeffluorophe&ylbonne);or 

E. As diff^^tf^ I" Pjunf^an Patent Publication S20.732-A, the relevant portions of which are 
incofpoiated herein by reference, the metal co(mlination complex (preferably containing at least one 
hydride, hydrocaibyl or substituted hydrocaibyl group able to be abstracted by a Lewis ad<0 is 
combined with a Lewis add having sufficient Lewis addity to cause abstracdon of an anionic ligand cf 

35 die metal cocidination complex thereby forming a cationic derivative thereof (such as 
tris(pcrfluorophenyl)-borBne). 
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4. Hie Polymerization Reaction. The condiUons for polymerizing the a-oler]o,vinylidene 
aromatic and optional diene are generally those useful in the solution polymerization process, although 
the application of the present invention is not limited thereto. High pressure, slunry and gas phase 
polymerization processes ait also believed to be useful, provided the proper catalysts and polymerization 
5 oooditkns are employed. 

Id geoeraU the pcflymerization useful in the piactioe of the subjM 
accomplished at ooDdttions wdl known in the prior art for Ziegler-Natta or Kaminsky-Simi type 
polymerizatioas. In pafticiilan the polymerization will qrpically involve pmsMireie fimm ntrn ffg ^ifffy ^yp 
to 1000 atmoqsbeies (100 NfPa) and temperBturesfiom 0*^to 2S0^C 

10 While polymerizing and isolating the substantially random/pseudoiandcmi interpolymer, a »tnaii 

amotmt of atactic vinylidene anmiatic homopolymer may be formed due to bomopolymerizatioa of the 
vinylidenearommic monomer. In general the higher the polymerization temperature is, the higher is the 
amount of homopolymer fcnned. If desired, the vinylidene annnatic homopolymer may be at least 
partially wepmtod firom the substantially landom/pseudorandom inteipolymer, if desiied, such as by 

IS extraction with a sdtaible extracting solvent 

The snhstrntfially landom/jpseudorandcm mterpolymeis may be modified by ^ical giafling, 
cmslinking. hydrogenationt functionalizing, or other reactions well known to those skilled in die ait, 
provided that the dastomeric properties of the intcfpolymcrs are not substantially affected. Hie 
ptilymefB may be readily sidfiMiated or cfalocinated to provide f unctiooalized derivatives acooniing to 

20 established techniques. 

Compoimding and Qiring the Substantially Random/Pseudorandom Inteipolymers 

Ibe diennoset elastomers of the invention may include various additives, sudi as cartxm black, 
silica, titanium dioxide, colored pigments, clay, zinc oxide, stearic acid, accelerators, curing agents, 
sulfur, stabilizers, antidegradants, processing aids, adhesives, tackifiers, plasticizers, wax, 

25 precrossltnkmg inhibitors^ discontinuous fibeis (such as wood cellutose fibers) and extender Such 

additives may he providad rfther prior tn, dmng, or RuhwpMf tn mrin£ tftf» •^f^pi^tf ^ly 

random^MeodorBodom mteipolymers. The substantially nndom^pseudofandom inteipolymen are 

typically inised widi a finer* an i4 and a curing «gent at an elevated 

Tlje ainpn t Hi de din alB ri ai fa the subsequently cured at a tempeiatures^^ 
30 employed during oompoiuiding. 

fteferably, cartxm blade will be added to the substantially landom/pseodorandom inteqpolymer 

priortocuring. Carbooblackistypically added to imiHove the tensile strengdicv toughness of the 

compounded product, but can also be used as an extender or to mask the cokx* of the ocHnpounded 

product Carbon black will typically be provided in an amount firom Oto 80 weight percent, typically 
35 from 0.5to 50 wdgltt percent, based on the total weight of the fnmulation. When the cartx>n blade is 

emptoyed to mask a color, it is typicaUy employed in the range of 0.5 to 10 weight percent, based on 
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die weight of the fonnulatioa. When the carbon black is employed to increase toughness and/or 
decrease the cost of the fonnulation, it is typically employed in amounts greater than 10 weight percent 
based oo the weight of die foimulation. 

Moreover, preferably, one or more extender oils will be added to the substantially 
5 landoiD/pseiidoraDdominterpolymer prior to curing. Extender oils are typically added to impiove 
pf0oessabili9 and low tempenmire OexabiUty, as weU as 10 decrease cost Suita^ 
listed in Rubber World Blue Book 1975 Editimi, Materials and Compounding Ingredients for Rubber, 
pages 145-190. Typical dasses of extender oils include aromatic, nqsbdienic, and paraffin 
oils. llieexleoderoU(s)wiUtyiricaUy be provided in an anu»n Olo 50wetg)ttperoent When . 

10 employed, tbe extender ml wiUtypicaUy be provided in an amount of at 1^ 5 weight peroeni, more 
^pically in an amount of from 15 to 25 wdgbt percent, based on ibeiDtal weight of the formulation. 

Tbe curing agent(s) will typically be provided in an amount of finom 0.5 to 12 weight peroeot, 
based (m the total wdght of the fcnmulatton. 

Suitable curing agents indude peroxides, phenols, azides, aklehyde-aminc reaction products, 

15 substituted ureas, substituted guanidines; substituted xamhates; subsdtuted didiiocarbamates; ttiiazoles. 
imidazoles, tulfenamides, thiuramidisulfides, paraquinonedioxime, dibenzoparaquinonedioxime, sulfur, 
andcomlnnationsdiereof. SeeEncydppediaofQienucalTecbnology,VoL 17, 2nd edition, Inte^^ 
Publisben, 1968; also Otgaiuc Peroxides, Daniel Seen. Vol. 1, Wiley-Intersctence, 1970). 

Suitable peroxides include aromatic diacyl peroxides; aliphadc diacyl peroxides; dibasic add 

20 peroxides; ketnie peroxides; aUcyl peroxyesters; alkyl hydroperoxides (for example, diacet^peroxide; 
dibenzoylperoxide; bis-2,4-didklorobenzoyI peroxide; di*tert-butyl peroxide; dicumylperoxide; teit- 
butylpeibenzoate; tert-butylcumylperoxide; 2,5*bis (t-butylperoxy)-2,S'dimediylhexane; 2,5-bis (t- 
butylpen>xy>>23-dimeUiyIbexytte-3; 4A4*,4*-ietra-(t-butylperoxy)-2,2-dicydQhexylpfopane; l,4-bis-(t- 
bu^lperoxyisopfopylVbenzene; l,14ris*<t*butylperoxy)-33*5-trimethylcyclohexane; lauroyl peroxide; 

25 succinic add peroxidr, cydohexanone peroxide; t-butyl pcracetaft; butyl hydroperoxide; etc. 

Suitable pbeools are disdosed in USP 43 1 1«628» the disclosure of whidb is inoocpomted 
by refcRDoe. One example of apbenoiic cure ^ggnt is ibc coadensation produaof a halo^gen substituted 
phcpol or a C 1^10 alkyl substituted phend wifli an aldehyde in an alfciline mtdimn , or by oonrirnsatiop 
ofUftmcdooalpbeDOldialcobols. One sucbdass of phenolic cure agents is dimediylalpiienols 

30 substituted in the pan position widiCj-CiO alkyl groop($). Also smtable are hak^enaiedallgrl 

fmtHtfit^iffttf phenol curing agents, and cure systems comprising metbyld phenolic lesin, a halt^en donor, 
and a metal con^Kamd. 

Suitable azides indude azidoformates, such as tetramethyleoebis(azidoforaiate) (see, also, USP 
3 J84,421, Bresk>w, Nov. 8, 1966); aranadc pdyazides, such as 4,4'-dtphenyhnediane diazide (see, 
35 also, USP 3,297,674, Brestow et al., Jan. 10, 1967); and sulfonazides, such as p,p*-oxybis(beazene 
sulfonyl azide). 
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Suitable aldebydc-amine reaction pixxlucts include fonnaldehyde-anunonla; fonnaldehyde- 
ediylcblonde-ammonia; acetaldebyde-ammonia; formaldehyde-aniline; butyraldebyde-aniline; and 
bq>taldehyde-aniline. 

Suitable substituted ureas include tiimethylthiouiea; diethylthiourea; dibutyltfaiourea; 
5 tripentylthiouita; 13-t^2-benzDttaiazolylmercaptoinethyl)uiea; and N,N-diphenylthiouiea. 
SuitaUe substituted guanidines include diphenylguanidtne; di-o-tolylguanidine; 
dqpbenylguanidine pbtbaiate; and the di-o-tolylguanidine salt of ^^ratfrfaol buiaie. 

SoitaUe substitmed xantbates indude zinc ethylxanihate; sodium isoprapylxanOuue; 
butylxanOiic disulfide; potassium isopropylxanthate; and zinc bu^lxanlhate. 
10 Suitable didiiocatbamates include copper dunetbyK zinc dimetbyK tellurium diethyl-, 

cadmium dicydobexyl-, lead dimediyh lead dhnetbyl-, seleninm dibutyl-, zinc pentametbylaie-» zinc 
dide^l-, and zinc iso{nopyloctyl-dithiocaibamate. 

SuitaUe tfaiazoles tndude Z-mercs^tobenzothiazole, zinc mercaptothiazolyl meicaptide. 2- 
benzothiazolyl-NJ4-diethylthiocazbamyl sulfide, and 2,2'-dKlbiolns(benzothiazole). 
IS Suitable imidazoles include 2-meicaptoimida2oime and 2-meraq)to^A6- 

tiimethyldibydropyiimiditte. 

Suitable sulfenamides iodude N.t-butyl-2-benzothiaK>le-. N-cyclohexylbenzotfaiazc^e-, 
diisopcopylbeozotbiazole-, N-(2,6-dimetfaylmoiphaliTO^ 
dielhylbenzotfaiazole-sulfenamide. 
20 SuitaUe ihiurBmidisulfldes mdude NJ^-diethyK leirabutyK NJT-diisopropyldioctyl-. 

tetiamethyK NJf-dicyclohexyl-, and N J^*-tetialauryl-thiuiBmidlsulfide. 

In the case of s u b stantiall y landomy^geudonmdom inteipoiymeis not including the optiopal 
diene component, peroxide cure systems are prefened; in the case of substantially 
iandom^pseod(sandom hiterpolymeis induding the option diene component, sulfur-based (for example, 
25 containing sulfur, a dithiocnrbamate, a thiazole, an imidazole, a sulfenamide, a thiuiamidisuUide or 
oomblnatioos theieoO and phenolic cure systems aie prefened. 
IVcparatioo of Hiennoplastic Vulcamzaies 

llie tbennosetooinpositions of die invention inay be inoKpocated into polyolefin^ 
diemioplasticvulcanizaies. The proportions of ingiedicttts utilized wiU vary somewhat with the 
30 particular polyolefin emi^yed, widi the desired application, as well as with thediaiacter of the 

oosslinked substanttaDy landqn/pseudorandom inierpolymer and compounding ingredients. Typically, 
as the amount of die crosslinked substantially landom/lpseudoiandom intecpolymer increases, the 
stififoess of the resultant thennpfdasticvulcanizate decreases. Thethennoplasticvulcanizatesofthe 
invention will typically comprise firom 10 to 90 wdgbt percent of the polyolefm and from 10 to 90 
35 wdgbt peroent of the oosslinked substantially landom/pseudmndom inierpolymer. 
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Suitable poKyotefms include tfieniioplastic, crystalline, high molecular wdjBht polymers 
prqiaied by the polymerization of one or more monooleflns. Examples of suitable polyolefins include 
ethylene and cbe isotactic and syndiotactic monoolefm polymer resins, such as propylene, 1-butene, 1- 
pentene, l^iexene, 2-methyl-l-propeoe, 3*methyM-peotenc,4-methyM-pentene, S^metfayl-l-hexene 
5 and mixtures tfaeieof. Most typicaUy, the thennoplasticvulcanizates of the invention will utilize 
isotactic polypiopylene as the pdyolefin component 

Tlie iheimoplaslic vulcanizates of fbe invtntioo ace prefeid>ly pi^^ 
vulcanizaiioii» wheiein a mixdue of the noncrosslinked substantially random/pseudorandom 
interpolyiner is mixed wlOk flie polyolefin lesin and an appropriate curing Qgeat to f onn a Mend, whicb is 

10 dienmasticrtedatvulcanigationtcgqCTttnre. In particular, the nonorossUnked substantially 

nmdom/^iseiidocandam interpoiymer is blended with a polyolefin at a fempentme above die melting 
pCHnt of the polyolefin. After the substantially random/pseudorandom intetpcdymer and potyolefm are 
intimately mixed, an appropriate curing agent is added, such as are described above with req)ea to the 
amipoundtng and curing of the substantially random^^eudorandom interpolyroers. The blend is 

IS subseqi^otly masticated using conventional masticating equipment, such as a Banbury mixer, Brabender 
mixer, or a mixing extruder. The temperature of the blend during mastication is that suffident to effect 
vulcaniiatloo of the substantially iandomy|pseudoiandom interpoiymer. A suitable range of 
vulcanizatiooiempefatutsisfomi the melting lempenuure of the polyolefin fe^( 120^ in the case <tf 
polyethylene and 17SX in the case of polypropylene) to the temperanne at which Ihe substantially 

20 random^ffieudorandom interpoiymer, die polyolefin, or the curing agent d^rades. Ty|^ temperatures 
aiefrom 180°Cto 2Sfft:. preferably from ISO^Clo VXTC. 

Methods other than the dynamic vulcanization of the substantially randcmi^pseudorandom 
interpolymer^yolefin are likewise suitable. Fbr instance, the substantially randcnn^iseudorandom 
interpoiymer may be crosslinked prior to introduction to the polyolefin. Th^. cann^imVfA gnHcmnfi aiiy 

25 rBnd(xn/^»eodorandominteq)Olyn)eraiay then be powdered and niixedwidite 

temperature above the melting or soflening point of the polyolefin. IVovided that the crosslinked 
fii^^an^yUy fwylnm^ptiwHnranAMn interpftlymer partieies are flnrfl, welUdisfmtA^ and in an 

appropriate coocemnttion, (that is, provided an intimate mixture of tbc crosslinked substantially 
random/ipaeodanndom inteqpolymer and poiytdefin Is ac^ 

30 invention may be readily obtiuned. Should sucb an hitimaie mixture not be adiieved, the resultam 
produg wiU contain visiiany<rt»ervaMe islands of the crossUnked substantia 
interpoiymer. In this case, the part may be oomminuied by pulverizing or by ooklndUto 
particle size to bekyw Mmicrons. l^poo adequate conuninution, the paitidesniay be remolded into a 
part exhilriting more nnifcwm conyosition and the enhance properties dugacterisUc of the thermoplastic 

35 vuicanizalBS of the invention. 
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Tbc thermoplastic vulcanizates of the invention may include various addiUvcs, such as carbon 
black, silica, titanium dioxide, colored pigments, day, zinc oxide, stearic acid, acceleiatofs, vulcanizing 
agents, sulfur, stabilizeis, antidegradants, processing aids, adhesives, tackifiers, plasdcizcre, wax, 
prcvulcaiiizalion intailriiofs. discontinuous fibers (sudi as wood ceUulose fibeis) and extender oUs. Such 
5 additives may be piovided either prior to, during, or subsequent to vulcanizatioa. 

As In the case <rf the thcrmoset elastomers of die invention, caibon ^ 
added to die blend of the siibsiantiaUy landom^iseudorBndom inteipolymer and polyolefin prior to 
vulcanizatiod. Cartwn blade wiUQi>ically be provided in an amount firom Oto 50 weight peitent. 
typicaflyfrom 05to 50 weight peirent. based on the total fonnulation weight When the caiboo blade 
10 is employed to masic a color, it is typically employed to the range of 0 J to 10 weight peroent, based on 
die total weight of die fonnulation. When die carixm blade is empbyed to toaease toughness and/or 
decrease cost. It is typicaUy employed to amounts greater than 10 wdght peioen 
weight of die fonnulation. 

Moieovar, as in the case of die theimoset etostomers of the to ventioo, on^ 
15 win prcferabfy beadded to the blend die substantiaUy random^iseudoiandom toteqxilymer and 
polyolefin prior to vulcanizadoa. Suitable extender oils are listed in Rubber Worid Blue Book 1975 
Edition. Materials and Qvnpoundtog Ii^red&ents for Rubber, pages 145-190. l>pical classes of 
extender oils indudeaionatiCriiaiAtbenic. and paraffinic extends Hie extender dl(s) will 
typicaUy be provided to an amount Irom Oto SO wdghtpeicent based on the total fonnulation weight 
20 Whencmptoyed,theextenderoilwmtypicaUybeprovidedtoanainouniof^ Swe^peitem, 
mme typically to an amount of from 15to 25 weight percent, based on die total weight of the 
fonnulaticm. 

In oneixtfened embodiment, die thennoplastic vulcanizates of the tovention win comprise 
finom 3010 60 weight pen»t of die substandaUyrandom^pseudorandcim tot 15 to 55 

25 weight peroent of the diennoplastic polyolefin, and fiom 15to 30 weight pemnt of die extender oH. 
Sudi diemioplastle vuicanizaiBS are paidoolariy useful as moMtogs for automotive *rriirm*ffn 

In apanicolarty mefened embodimfint die thetmopiagHe v niwiiiiw^ ^fn^ tovention ate 

cfaafBCleriEedbyaaASm«2oU8weUoflessthan60pefoent.asdetenntoe^ 
test noceouies 

30 Monomer contents ate detemiined by carbon-13NMRspectfosoQ|iy. 

Stiess-strato properties are detennined on an Instron model 1 122 load 
(Z2 cm) mianhtensile samples measured at an extension rate of 5 ioch/mto (117 cm/min). Tensile 
break, ekmgadon at bieak, and 100 percent modulus ate measured to aocmdanoe widi ASIM D-412. 
Mdt index is measured to accordance widi ASTM D-1238. 
35 Molecular wdght and molecular weight distribution are detenntoed by gd pcnneadon 

duomatogiaphy. 
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ASTM #2 and #3 oil swells are measured in accordance with ASTM D-471. 
Hardness shore **A** is measured in accordance with ASTM D-2240. 
Compressi(m set is measured in accordance with ASTtA D*395« 
Example One: PrepaiatiofiofEibykoe-StyrenelmerpolymersandTbem 

Etbylene/sQncDe oopotymeis were made using (ieit-butylamido)dimethyl(tetiamecfayl-it5* 
Cydopeoia-diGnyDsUane <Umethyltitanittm(44) catalyst and iri$(peniafluciopbenyl)borane cocatalyst m a 
ooetDOoeiatioacoonUivtolliefolJowingimx^ A two liter reactor was cbaisedwiai 360gnuns( 
500 mL) o{ ISPPAR^ E mixed alkane sclent (available from Exxon Chemicals Inc.) and die desired 
amount of styreoecomoiiomer. Hydrogen was added to the reactor by differential imsureexi^ 
from a 75 mL addition tank. TtereactCH-washeatedtotheivntemperatureand was saturated with 
ethylene at the desired pressure. (Tert-butylaniido)dimethyHtetramethyl-i)5-€yclopentadieoyl^^ 
dimethyltitanium (IV) catalyst and tris(peotafluon)pbenyl)borane cocatalyst were mixed in a diy box by 
p^eting die desired aoaount of a O.0Q5 M solution of the tris(pentafluofophenyl)borane cocatalyst in 
ISOPAR^ E mixed alkane solvem or toluene into a solution of the (tat-butylamido)dimetfayl- 
(tetrBmeaiyl-i)5-cydopentadien^)^lane dimethyl-titanium (IV) catalyst in ISOPAR^ E mixed f flr imf 
solvent or toluene. Hie resulting catalystsolutioo was transferred to a catalyst addition tank arid was 
injected into the reactor. 

The polymcriiation was aUowed to proceed, widi ethylene being introduced on demand. 
Additional charges of catalyst and cocatalyst, if used, were pirepared ki the same m 
to die reactor periodically. The total amount of catafyst employed was set forth in Table One. Ineacfa 
instance, the amount of tris^entaOuoropbenyDborane cocatalyst (on a molar basis) equals the amount of 
(tert-butylanudo)dimethyl^teQwnetbyl-Ti5-cydopentadienyl)silane dimediyltitantum (IV) catalyst 
indicated in Table One. Afier the run time, the polymer soiudon was removed ton the itactor and 
queodied wiOi isopropyl aloobol. A hindered pliai61 antioxidant (BRGANOX^ 1010 (available ton 
GbaG^Qxp.) was added to ttie polymer. Volatiles were removed ton die polymer in a reduced 
1 135% for 20 boms. 



Sample 


Catalyst 
amount 
u(-inoI) 


ISOPAR™ -E 
(mL) 


Styitoe 
OnL) 


Edijrkne 
(psis) 


Hydrogen 
(Apsi) 


Reactioa 
Temp 

ro 


Reaction 

Time 

(min) 


Yeild 
(8) 


ES-1 


2J 


2S0 


750 


300 


0 


80 


10 




ES-2 


3.8 


SOO 


SOO 


200 


0 


80 


10 


28J 1 


ES-3 


15.0 


SOO 


soo 


200 


100 


60 


30 


166 1 



The resultant substantially random intetpolymers were characterized as being pseudorandom 
and linear. 

30 The intetpolyiners were coinpounded and cured acoirding to the fo1k>wing procedure Tbe60 

gram bowl of a Brabender PS-2 internal mixer was preheated to 120T. 100 pph carbon black N550 
(available ton Cabot Coqxnation), 50 pph SUNPAR^ 2280 oil (available fiom Sun Oil), 5 pph 
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paraffin wax, 1 pph stearic acid, 8 pph Vul-Cup 40KE peroxide (available from Hercules) and 1.5 pph 

Iriallyl cyanuraie coagent (available from American Cyanamid) were piemixed in a plastic or ps^jer 

container. The resultant blend was loaded into the 60 gram bowl. To the bowl was further added 100 

pph of the desired substanliaUyrandom/pseudorand^ Hiefamwas 

5 kywmd on the intenal mixer, and the compound was allowed to mix until a tempeniure of 220^ was 

readied (approximately five minutes), llie compound was removed from the mixer and was optionally 
roU-milled 

TTie samples were compression molded at 260T to obtain uncured (green) ^ 
uncurcd (green) test plaques were am^pressiOT 
10 ifaennosei elastomer compositions. 

Tlie stress-stiain properties of the neat mteipolymcrs, of the uocured (green) test plaques* and of 
the crosslinkedthennosetelastoneramipositicms were set fof^ Therein, the designation 



means that the given property was not detcnnined. 





ES-1 


ES-2 


ES-3 


CI 

(Tafiner 
680-P) 


a(V^57) 


a(V-707) 


CX>MONOMER CONTENT (AS 
DIRECriBDBYNMR) 














wt%einviene 


67.5 


56.8 


48.0 




51.0 


70.0 


wt%stvreiie 


32.5 


43.2 


520 




0 


0 


wt % DiDovleoe 


0 


0 


0 




49.0 


30.0 


SIKESS-STRAIN 
PROPERTIES OF NEAT 
UNCROSSLINKED 
POLYMERS 














tensile at break (pd) 


3200 


2156 


1390 


668 


243 


887 


100% modulus (Dsi) 


759 


445 


ZV> 


170 


75 


205 


elonsation at break (%) 


395 


420 


518 


1115 


1780 


1336 


melt index at 190'C 
0^0 min) 


0.8 


0.8 


10.2 


4.0 


7.1 


3.9 


Mw/Mn 


2.07 


2.14 


3.50 


21.8 


3.07 


4J9 


GRENN SlRESS-SntAIN 
PROPERTIES 














tensile at bteakCosi) 


ND 


ND 


594 


460 


70 


459 


100%inodulas(Dsi) 


ND 


ND 


315 


264 


52 


231 


eloneation at break (%) 


NO 


ND 


453 


476 


84 


685 


stbessstrajn 
froferhes 

CROSSUNKED 
INIERPOLYMERS 














tensile at bfeakfosi) 


3156 


ND 


1005 


1994 


1236 


1569 


100% modulus (Dsi) 


1076 


ND 


532 


506 


276 


674 


elraeation at break (%) 


300 


ND 


297 


383 


409 


292 



As illustrated in Table Two, the crosslinked thennoset elastomer compositions of the invention 
IS exhibit a higher 100 % modulus than the comparative materials CI (Tafinei^ 680-P (avaikble fiom 
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Mitsui Peiiociieinical)) and C2 (Visialon^ 457 (available from Exxon Chemical Co.)). Tbis was 
consisteni with the significanUy higher 100 % modulus exhibited by the neat inteipolymers as oonqiafed 
to the comparative materials. 

Example Two: Preparation of Ethylene/Styrene/EthylideneNcrboroenelni^ 
5 Elasiomeis 

Etbylene^tyieoefelbylidene noiboniene inteipolym^ 
buty]anudo)dlmediyl(ietnmetbyl-T|S^d(9enta-dto dimetbyltitanium(-i4) catalyst and 

tris^tafluoro|ilieoyl)bonneoocataly8tinaocieio(me^^ A 
two fiter reactor was dunied with 360 grams ( 500 mL) of BOPAR^E mixed alkane solvent 

10 (available tm Exxon Chemicals Inc.) and the desited amount of styitne comonomer. Eihylidene 
noibomcoc was transferred to the reactor. Hydrogen was added to the reactor by differential pressure 
expansion frran a 75 mL addition tank. The reactor was heated to flienm temperature and was saturated 
with ediylene at the desired pressure. (Tert-butylamido)dimethyKtetramethyl-i)5. 
cydopentadienyDsilane dimethyltitanium (IV) catalyst and trisCpentafluoro-phenyDbonne oocatalyst 

1 5 were mixed In a dry box by pipeting the desired amount of a 0.005 M solution Gi die 

tris(pentafluon^ihenyl)b(Hane cocatalyst In ISOPAR^ E mixed alkane solvent cr K)luene into a sdution 
of the (lert<buty]amido)dimediyKtetiametbyl-ii5<7clopenta^ dimethyl-titanium (IV) 

catalyst fn ISOPAR~ E mixed alkane solvent or toluene. The resulting catalyst solution was transfened 
10 a catalyst addition tank and was injected into the reactor. 

20 The polymerizaUon was allowed to proceed, with ethylene bdng introduced on demand. 

Additkmal diarges of catalyst and cocatalyst. if used, were prepared in the same inanner a^ 
to the reactor periodwally. Thetotalamountof catalyst employed was reported in Table lluee. Ineacfa 
instance, the amount of tris(pentalluoto-pheayl)borane cocatalyst (on a molar basis) was equal to that of 
die (tert4Nitylamido)dimethyKtetrametbyl-i)5-cycIi^tadiCT^^ dhnethyltitanium (IV) catalyst as 

25 taidicated In Table Usee. After the run tune, the polymer sohitkm was removed fonn the reactor and 
qoeocbedwUilsopiopylakxilioL A hhxiered phenol antioxidant (niGANOX^ 1010 (availabkfim 
CaaGeigy Corp.) was added to the polymer. Voladles were removed frmntte polymer in a reduced 
pressure vacmmovoial 135% for 20lioor8. 

The pccinratkm cooditlons for the eihjtaie/s^^ 

30 set fotth In Table Three. 



Sample 


Cktalyst 

(-mol) 


ISOTAR 
-E(mL) 


Serene 
(mL) 


ENB 

amount 

(mL) 


Ethylene 
pressure 
(psi«) 


Hydrogen 
(psi) 


Reaction 
Temp 

(C) 


Reactk>n 
Tune 


Ycild 
(g) 


ES-l 


15 


500 


500 


50 


250 


100 


65 


20 




ES-2 


Its 


500 


500 


75 


300 


100 


65 


30 




ES.3 


10 


500 


500 


25 


200 


100 


65 


30 1 





Hie resultant substantially random interpolymers were characterized as being pseudorandom 
andlinear. 
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20 



23 



30 



TTie intopolymeis were compounded and cured accoiding to the following prooeduic. Hie 60 
gma bowl of a Biabender PS-2 interna] mixer was preheated to 120»F. 100 pph carbon blade N550 
(available from CabotX 50 pph SUNPARTM 2280 oil (available bom Sun Oil). 5 pph paiafTm wax. 1 
pph sieaiicadd. 5 pph zinc oxide. 1.5 pph sulfur, and 0.5 pph Captax 2-me«aptobena)thiazoIe 
(avaiWrfeliomR.T.VandeiWi)we«pfonixedfaaplastic<»pape^ THe resultant blend was 

loadedimoiiie60sn»ibowL Toiheb<wIwasfinher«Med lOOpphof ihedesifedlnteipolymeras 
imiwedahove. Tn«enmi was towered on the totmialniixef; awl ihecompoimd was alk^ 
ontaal«venunreitf220Twasreached(approximatdyfiveiiiinuies). The compound was removed 
from die mixer and was optionaUy rail-milled. 

Tl>e samples w« compression miJMed at 260T lo oblata imcured (green) lett 
uncured (gn») test plaques were compressioo mold cured at 340T for 20 minutes 10 obtato 



As between ESDMKaHd), ESDMl(a) was prepared in accoidance with the above foimulatioo. 
ESDM l(bHd) were likewise prepared hi accordance with the above f onnulation. except that in the case 
15 of ESDMKb). 50 pph SUNDEX 750T oU (available fiom Sun Oil), was used in place of the SUNPAR 
oil; in the case of ESDMl(c). 50 pph trioctyUrimeUiaie was used in place of the SUNPAR oil; and in the 
case of ESI»41(d). a75 p(di (cadter than 1.5 pph) sidfur was emidoyed. 

Regaiding die compaiative materials. C4 was i«e|Mred Bstai d^ 
widi Vistalon 6505 EPDM (avaibble from Exxon) behig used in place of die sobsiandaUy 
rBndom/pseudoiandomhKeipolymer. C5 was prepared ushig die Ibimumioo provided above, widi 
EPSyn 70A EPDM (available fton DSM Copolymei) being used in place of die substantially 
tandom/pseudorandomtateipolynier used in die present invention. 06(a) was pRpaied using die 
foonulation provided above, widi SBR 1500 styrewj butadiene lubber being used in place 
sobstantiaUy landam/pseudorandom hiteipolymen and Sondex 750T oil (available fiom Son Oil) being 
Med tophcetrfdie SUNPAR oil C6(b) was prepared using die fonnutadoo provided above, except diat 
SBR 1500 sQfiene boladiene nibber was ined in place of die substandaUy ran^ 
lDienioiyiner,30pi)li(ffdiefflianl00|iph)N550car^ 
(niber dian SO p|A SUNPAR 2280 oil) was employed. 

The stress-strata properties of djc neat haerpolymers. of die uncured (green) test idacpi^ 
diecnsSDnfceddiennosetelasinneroiimposidimweresetltofdiinT^ .j^^^^^ 
abbieviation 740" means diat a given propeiqr w» not detennined. 
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ESDM-1 


ESDM-2 


ESDM-3 


C4 


C5 


C6 


COMONOMER 
CONTENT AS 
DEIERMINEDBY(C* 
NMR) 














wt%elbvene 


50.9 


46.7 


49.4 


50 


50 


0 


wt%stmiie 


353 


43.7 


44 


0 


0 


24 


wt^diene 


13.8 


9.6 


6.6 


12 


10 


0 


wt % moDvleae 




0 


0 


38 


40 


0 


wt% butadiene 




0 


0 


0 


0 


76 


SIKESS-STRAIN 
PROPERTIES OF 
NEAT 

UNCROSSUNKED 
INTERPOLYMERS 














tensile at break (nsi) 


1884 


1345 


1021 


83 


80 


31 


100% modulus (Dsi) 


319 


212 


242 


81 


75 


30 


dooeation at bieak (%) 


513 


566 


505 


288 


300 


>400 


melt index (£/IOmin) 


1.6 


8.0 


4.6 


<2.0 


<0.5 


ND 


CREEN STRESS- 
STRAIN PROPERTIES 


a bed 


ND 


ND 


ND 


NT) 


a D 


tensile at break (nti) 


869 723859932 


ND 


ND 


78 


80 


3 61 


100% modulus (nsi) 


570457606469 


ND 


ND 


32 


67 


14 51 


eloocatkn at break (%) 


338 395 276 369 


ND 


ND 


250 


130 


2129300 


STRESS-STRAIN AND 

OIL RESISTANCE 

PROPERTIES 

COMPOUNDED 

CROSS-UNKED 

INTERPOLYMERS 


a bed 










u U 


tensile at break (%) 


2379 227924512033 


ND 


ND 


2044 


2399 


1575 1475 


100% modulus 


1455 1395 1539 1018 


ND 


ND 


598 


533 


295386 


doneation at break C%) 


188 219183 246 


ND 


ND 


318 


401 


277392 


ASTMi2oUsweiI(70 
boure e 21TD 


54555462 


ND 


ND 


93 


100 


5749 


STl^ STRAIN 
PROTERTIES AFTER 
AN OVEN AGING PC« 
70HOURSAT250T 


a b c d 










a b 


ten^atbredcCnri) 


2697 2907 ND 2507 


ND 


ND 


ND 


ND 


6631352 


100% modulus (od) 


2143 NDND 1401 


ND 


ND 


ND 


ND 


ND1326 


doncalion at txeak (%) 


3484ND199j6 


ND 


ND 


ND 


ND 


93103 


PERCEKT CHANGE IN 
STRESS-STRAIN 
mOPERTIES AFTER 
OVEN AGING 70 
HOURS AT 250*F 


abed 










a b 


tensile at l)feak(%) 


•^15•^28ND+24 


ND 


ND 


ND 


ND 


-58-8 


100% modulus (%) 


-47 NDND +38 


ND 


ND 


ND 


ND 


ND+378 


eloaeatkm at break (%) 


-29 -62 ND -19 


ND 


ND 


ND 


ND 


-76-74 
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'^«^«-T*,eI^.U«e«»sItakedU«™u,sciel^^^ 
«^t.hUIUy l«p„,ved 100%mod»lus.asco«pared«, 

m>M(«,.ilablelto«Exxon)).C5 (EPSyn70AEPDM(avai^^^ 
(SBR 1500 styrene-butadiene niS>ber). 

As fiKfl^r musttawl in T,*le ix»r. 0« c«)sslto^ 
.3^i«nyexhibUa«si»u«« 

Of EPDM materials. 

Asft«herm«sdatedinTabIeIW.tt«cn«slinkedtt«^ 
«I.IMt^«I»openies«.peri« R.ri«su««. upon agin, «250T 

lbrWlKH«ita«,.l,ov«ufl«cmssliolcedefl.yl«e/i^ 

exIUttWinc^scdteoslIe^taakvaloesandm^ ^ 
«oad.s..«pooaveai«taganderu«saniecoodl^ 
tensile at lireak values ami 8i«itf.caiiflydec^ 

•n»«.«"'««--l-Ta«eF^.U.cms^ 

saffenng the concomitant nesative effects of beat aging. 

Ewmple Three: RrepaiationofTTjennoplastlc Vulcanizates 

■^*»«*««^*^-2"Haakein.en«ltorqucmixerwaspre^ 
»««»»^fP»-f««24iso,acticpolyp.opyIene(ava^^^ 

^ nixer.aDS^vasaIlowedton«Uandtohonu>gcnlze. Over one minute, the desired amount of the 
iH»ci08Slinte?^».b8tantiallynaKlom/pseodo«^ Tbereafter. the process 

oil.anlioxidant.il«ir^ad<|.amlcailK«Wacicw«a(^ THerincoxide. 
siiifto.l«zotIiia^Idi«jfideand»«hyIiuads^ I^occu««ntUtheto«,ueread«sa 
lunimmnandfaratleastiOininuiesiDtalinixiinie. Theiesgltantihennopiastic vulcanizatewas 

25 removed fiDm (lie mixer. 

Inexecutil^g ilie*oveiiiooeduie. OiefoimulattoM 

Unless otl^mise indicMed. aU amonnta woe «|«.«d in pats pe^ 

- '.--vrdasioaier. 
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HlHStomcr 


TFV-l 


TPV-2 


C-TPV-1 


C-TPV-2 




ESDM-2 


ESDM-3 


C-4 


C-5 


wt % ediylene 


46.7 


49.4 


50 


50 


wt% stvreoc 


43.7 


44 


0 


0 




9.6 


6.6 


12 


10 


wt & ofODyleoc 


0 


0 


38 


40 


IW f anniitalloo (aU aoMNmls 
intnh) 




A B C D 






intcTDolvmer 


100 


100 100 100 100 


100 


100 


isocacQc polypfODvlene 


67 


67 33 67 100 


67 


67 


process oil 


50 


50 100 100 100 


50 


SO 


IkuANOa 1010 antioxidant 
(available from Qbtt Geigy 
Cap.) 


3 


3 3 3 3 


3 


3 




1 


lilt 


f 
I 


1 


NSSO CBfboD Uadc availaUe 
firam Cabot 


1 


1111 


1 


1 




5 


5 5 5 5 


5 


5 


sulfur 


1.5 


1.5 1.5 IS 1.5 


13 


1.5 


benzothiazyldisulfide 
(available from Altax) 


0.38 


0J8 038 038 038 


038 


0J8 


metfivltuads 


0.75 


0.75 0.75 0.75 0.75 


0.75 


0.75 



Except in ilie case of TPV 1 (b). S unftuTM 2280 (available from Son Oil) was employed as (be 



I^T1Vl(bXttioc9lirimeniate was employed as (be piocess^ 

11ieit8idtant(beimoplastiCvuIcaiuzateswefecompressi Repcesentative 
physical properties of the thennoplasdc vulcanizaies and of compatadve thennof^c vdcaidzates C- 
TPVl (made with Vistaloo 6505 EPDM (available from Exxon)) and C-TFV2 (made witbEPSyn 70A 
EPDM (available from DSM Robber)) were set forth in Table Six. Tlicrcin, tbeabbieviatioo 'JVT 



means that a given pioocrty was ikh deternimed. 





TPVl 


TPV 2 


C-TPV-1 


C.TPV.2 


Stress-Stiaia 
properties 


A B 


A B C D 






tensile at biealcdDsi) 


1507 1589 


1621 515 1549 1436 


1520 


1787 


100%moditlii$(f)d) 


1375 1307 


951 327 691 1008 


759 


889 


dongation at break 
(%) 


132 164 


251 192 336 247 


322 


344 


ASTM«2-70bouis 
at212«Ff%swen) 


ND ND 


109^ 133.8 89.3 682 


ND 


ND 


Hardness Shore 'A* 


88 86 


86 63 77 83 


90 ISS 



A ooniiarisoo of TPVl(a) andTPV2(a) wiib comparative materials C-TPVl (jnade with 
10 Vistalon6505EIClM(available«romEiuKm))andC-TW2(nuHlewiai^ 

from DSM Rubber)) indicates that tlie tlteimoplasiic vulcanizalBs of tlie invemion exhiUt a mudi freater 
redstance tooU sweU (under tlic ASTM «2 testmettaod) tl>an tbeoomiwaitveinateiials wttbout 
sacrificing hafdness (Hardness Shore "A'O. A comparison of these inaierialsAiilberkidicatesdiat the 
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ibamoplasiic vulcanizaies ofibe invenikHi exhibit improved 100% modulus values and comparable 
tensile at bieak values, with respect lo the comparative materials. 

A comparison of TPV.2(b). TPV-m, aid TPV.2(d) indicates that one can adjust resistance to 
ASTM #2 oU sw«U and haidness vahies by adj ustiiig the ratio between the pd 
■substantiany niiKlom»teiidoiaiKloin intapoiymer. Namely, as thepraponioo of the polypropylene 
increases, the lesistanoe to ASTM #2 oUsweU and baldness Moreover, the effect of 

the added substantially andomy|pseudonndom inteipolymer was evident In paiticular. the peraent 
elongation at bieak of die inventive thermoplastic vulcanizates was many limes greater than that of 
unmodified isoiactic polypropylene, which exhibits a pereent elongation at break of 13 peioenL 

The thenaoset elastomers of the invention were useful in a micty of appUcatiwis. Esemplaiy 
applications loctode hoses, air ducts, brake cups, roofmg mateiiab^ 
Mends as iinpact BMXfifiert and hi general molded goods. 

The iheimoplaslic vnlcaBizaies were Itowise tisefnl hi a variety of appBcati^ 
«iclesBiadelye3ttnision.ii<|ectioamoidmg^ Oneprindpal 
application for the TPVS of the htventkm was b automotive nnder-ihe-bood compcoents. such as rack- 
andi)taion boots and docting.l«d-lPie covets, hoses, bdts. and gaskets. Odier expected aotomotive 
applications were in interior i?)pHcati<TO (soch as skuis. hBtrumeni panels, ai^^ 
control knobs, molded pans, and scat beUcoveis) and ejuerior applications (such as tires and moldiiig). 
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CLAIMS 

1. A thennoset elastomer comprising either 
(1) acrosslinkedpsetidorandominterpolymerof: 

(a) from 15 to 70 weight percent of at least one a-olefin, 
5 db) firom 30 to 70 weight percent of at least one vinylidene aromatic oom]x>und^ 

(c) firtm OlD 15 weight percent of at least one diene; or (2) a crossUiiked substantially 
landcmi interpolymer of: 

(a) firom 15 to 70 weight peroent of at least one a-olelin» 

(b) from 30lo 70 weight peicent of at least one vin^idene aromatic oompound, and 
10 (c) fonOlo 15 weight percent of at least one diene. 

2. Tlie thennoset elastomer of Claim Icoinpiising either 

(1) a aosslinVed psewtoandom inteqwlymer of 

(a) from25to 60 weight percent of at least one a-olefin» 
IS (b) from 35 10 60 wdght percent of at least one vinylidenearoinatic compounds and 

(c) firom 3 10 1 5 weight percent of at least one diene. or 

(2) a crossltnked substantially random interpolymer of 

(a) fiom25to 60 weight percent of at least one a^olefin, 

(b) firom 35 to 60 weight percent of at least one vinylidene aromatic compound, and 
20 (c) frini 3 to 15 weight percent of at least one diene, or 

(2) a crossUnked substantially random nitetpolymer of. 

3. The thennoset elastomer of Claim 1 comprising either (1) a crosslinked pseudorandom 
inteipolymerof: 

25 (a) firom 40 to 65 weight peroent of at least one aHitefinsdected firom the gn)upcoos^ 

ethylene* propylene. l«buteoe. 3-mefhyM-buteiie» l-pentene» 4-mediyi-l-peDtene. l-liexeae, 
5-mediyI-l-liexene. 4-ethyl-l^iexcne, l-ociene, 1-dodecene, 3-phen^piopene» and mixtures 
thereoband 

(b) firam35tt> 60 weight peioent of at least one vinylidene arcxnadccoaipoundsde^ 
30 the group coosisting of s^iene* a-methylstyiene» ordio-melh^styieDe. meta-meih^styreoe. 

pam-mediyls^iene, dilorostyiene, vin^benzocydobuume, and divinylbenxene. and 
mixtures thereof; or 
(2) a crosslinked substantially random inteipolymer of: 

(a) firom40to65 wdghtpcroem of at least one a-^lefmsdectedfom the group consisting 
35 ethylene, propylene, l»butene, 3-methyl-l-butene, 1-pentene. 4-methyl-l-pentene, l-hcKene, 
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S-methyM-hexcnc 4^yM-hcxcnc, 1-octene. 1-dodecene. S-iAcnylpropcnc and mixtuxes 
thereof; and 

(b) from 35 to 60 weight percent of at least one vinylidenc aromatic compound selected ftom 
the group consisting of styrene, a-mediylstyrene, ortho-mefliylstyrcnc, meta*metbylstyiene« 
5 pan-inelbylstyreiie, ctaloiostynne^ 

mixtures iheieof. 

4. 1betfaefmosetelastomerofClaiml,2.or3wlieiein 

(a) tf>eaH>lefm is selected fran (he group consisting of etfayto^ 

10 tMiteoe, l^tene, 4.mcfliyH-pcntcne, 1-hcxcne, 5*methyM-hexeoe» 4^yl.l-licxene, l-odeoe, 
1-dodeoene, B^dieoyipropene. and mixtures thereof; 

(b) the vtnylidene aromatic compound is selected from the group consisting of styiene, a- 
mediylstyrene, CHtho-methylstyiene, meta-methylstyrenc, para-methylstyiene» cfalorosQmie» 
vinylbenzocydobutane* and divinylbenzeoe, and mixtures thereof; and 

IS (c) die dicne, when present, teseleciedfiom the group ooiisisting of Im^ 

pentadieoe, isopceoe. 1^44iexadieiie. 7-inethyl-U6-ocladtene, dicyclopentadiene, 
methyleoenotbomene» ethylideneriorboniene, and methylietrahydroindene, and mixtures (hereto, 

5. llie thennoset elastomer of Claim 4, wherein die a<olefin is efliylene, die 
20 vinytidene aromatic compound is serene* and die diene» when present, is ediylidenenorbomene. 

6. A process for preparing a diennosetelast(»ner comprising: 

(a) ivacting at least one a-olefmwidi at least one vinytidene arcmtaticcoo^^ 

one diene, in die presence of a coostraioed geometry catalyst, to form a pseudccBodom 
25 interpolymen 

(b) airiiig die pseudorandom interpolynier to form a thennoset elastooier. 

7. Ilie process of Qalm 6, ii^berBin the oonstratoed geometry catalyst 6o^^ 
inetal coordinadon complex oompfising a inetal (^Group in or IV or the Landmlde 

30 Periodic Table of die Bemcats and a ddocalized I1*boaded motety sMhstitutad wiA a grwwiwiin-<firf^.^g 
moiety, said annplex having a constraiiied geometry the metal atom such diat die angle at die metal 
between die centroid of die delocalized. substioited Il-bonded moiety and die center of at least one 
remaimng subsdtuent is less dian sudi angle in a similar complex ccmtaining a similar fl-bcmded moiety 
laddng in such constrain-inducing subsdtuent, and provided furdier diat for such onqilexes coo^irismg 

35 more dian one deiocalized, substituted x-bonded moiety^ only one diereof for each metal atom of die 
comjAex is a cyclic, deiocalized, substituted Il-bonded moiety. 
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8. The process of Qaim 6, wbercin the constrah^ geometry 

the group consisting of (ten-butylamidoXtetramethyI<ii5<yciopentadienyI>l,2-^tbanedlylzk^^ 
dichloride; (teit-butylamido) (ietiametbyUii5-cyclopentadienyl)-l,2-etbanediy]titanium dichloride; (ten- 
buiylainido)di]netbyl(tettBinetbyl-i)5<ydope&ta(lto sUanetitanium ctimetbyl; (teit- 
5 lHi9lainido)<fiinetbyl(lBtnuneifayl-i)S-mdenyI) silaiietitanium dimetbyl; (ten- 

•bu9lmklo)dimeifayI(teiraiiielby^^ silanetiianium dimethyl; (ten- 

lwfylanddo)<fiinediyI(ietniiiethyl-iiS-auroenyl) silanetitaniimi dimethyl; (tert- 
lHitylainido)diDiethyl(tBtraiiiediyl-i)S-tetnh silanetiianium dimethyl; (tett* 

biilylamido)dimediyl(tBtnmietfiy]-i|5H)ccahydrofliK^ tilanetitaniim dimethyl; (tcft- 
10 batylaniido)(fimediyl(letianiediyl*iiS-cydopentadienyl) silanedtanium dibenzyl; (ten- 

butyIaoiido)dimeihyl (tetramechyl-i)5<ydc9entadienyl)$ilanezirccmiim dibenzyl; and mixtures thcmtf. 

9. Ibeprocessof Claim?, wherein the constrained geometry catalyst is ac^ 
oocatalyst selected from the group consisting of polymeric alumoxanes* oligomcric alumoxanes, 

IS pcdymeric caibyibaianes, olsgomeric carbyiboianes, monomeric carbylboranes, aluminum alkyls, 

aluminum halides, haloaluminum alkyls, substituted ammonium salts, ^Iver salts, fenooenium Ions, and 
mixones thereof . 

10. llie process ofClaim 7, viiserein the constrained geometry 
20 trisCpentafluorophenyOborane. 

11. The process Qaim 6, wherein the curing is elTected by a curing Qgent selected 
ton the group consistitig of peroxides, phenols, azides, aldehyde-amine reaction products, substituted 
ureas, substituted guanidines, substituted xanthates. substituted dithiocarbamates, thisBf^^^ unidazoles, 

25 sulfonamides, thiuramldlsulfides, paraquinonedioxhne. dibenzoparaquinooedloxime, and sulfur. 

12. The process of Claun 6b wherein tt^ curing is effected by a curing agemsele^ 
ton die group copsistii^ <rf peroxides, phenols, substituted (fithiocarbamates, ttiiazoles, imld«70les, 

30 

13. T1ieproces$ofClaim6. wherein the curing is effected siniultarieously with die 
compounding of the pseudorandom interpolymer. 

14. A process for preparing a diermoset elastomer comprising: 
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(a) leading at least one a-olefin with at least one vinylidene aromaUc compound and opUonally at 
least one dienc, in the presence of a constrained geometry catalyst, lo fonn a substantially random 
inieipolymer; 

(b) curing ibesubstantiaUy random intetpolymer to foim a thenno^ 



0) 



15. The process of Claim 6,7, 8, 9. la 11, 12, 13 or 14, wherein 
the a-defio is selected fitom the group consisting of ethylene, propylene. Mnitene, l-peotene, 1- 
hexene, 4-methyM.penteiie, S-metbyKl^ene, 4-cthyH-hexcne, iHictene. S^dienylprapeDe, 
and mixtures tiicreof ; 
10 fii) flic vinylklcnc aromatic compound is selected from tte 

mefliylstyrene, ortboHnethylstyicne, meta-mcthylstyitnc, para-mediyis^rene, dilorostyicoe, 
vinylbenzocyclobutane, divinylbenzene, and mixtures thereof; and 
Oil) die dieae, when present, is selected firom the group omsisting of butadiene, U-pemadiene, 1,4- 
peotadiene, isoprene. 1,4-hexadiene, 7^nediyl-l,6K)ciadiene, dicyciopentadiene, 
methyteneaofboroene, etfaylidenenorixmiene, and mixtures thereof. 



16. A tliennoplasticvulcantzate comprising: 
(4 acrossliiikedpseud(»aadomintenx)lymerof 

(i) £rwn 15to 70 weight percent of at least one a-olefin, 
20 01} 6w 30 to 70 weight percent of at least one vinytidene aromatic compound, and 

Qii) £romOto 15 weight percent of at least one diene; and 
(b) at least one fbennoplasUcpoIyolefin. 

17. Tlie tfaennoplastkrvulcanizate of Claim 16, comprising fiom lOto 90 weight 
25 peroent of tbecrossllnlKd pseudorandom Inteipolymera^ lOto 90 weight peroeot of the 

fliennoplastk polyoIeGiL 

U. TlietfaennpfdastkvdcudzateorClahn 16bfin^ 
weight peroent of an extender oil selected from the group consisting of aromadc oils, «fphtiifnk oils, 
30 and parafiinic oils. 

19. The thermoplastic vulcanizate of Claim 16, wherun d)e crosslinked 
pseudorand<MninterpolymerisanintefpoIynierof(a)firom 40 to 65 weight percent of at least one a- 
olefin, and (b) from 35 to 60 weight percent of at least one vinylidene aromatic ctnnpound. 

35 
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20. Iht thennoplastic vulcanizate of Claim 18, wherein the crosslinked 
pseudoiandom interpoiymer is an iatetpolymer of (a) fnun 2S to 60 weight percent of at least one a- 
olefin, (b) from 35 to 60 weight percent of at least one vinylidene an»natic compound, and (c) torn 3 
to ISweightperceotofatleastonedtene. 

5 

21. The thennoplastic vulcanizate of Claun 16, comprising firom 30 to tiOweight 
percent of the crosslhikedpseiidorandominterpcdymer.fitom IS to 55 weight percent of the 
dkerniop]asticpolyolerin,aiidfipani IS to 30 weight percent of the extender dl. 

10 22. A themu^lastic vulcanizate oomprisit^: 

(a) a crosslinked substantially landcxninterpolymer of 

0) firom IS to 70 weight percent of at least one a-okfin, 

Qi) firomSOlo 7pweightpercentofatleastooevinylidenearoniaticcompoand,an^ 

(iii) firamOlo IS weigl&t percent ofat least one diene; and 

IS (b) at least one themx>plasticpolyolefin. 

23. The thermoplastic vulcanizate of Claim 16. 17, 18, 19, 20, 21 or 22, wherein: 

(a) the a-olefin is selected from the group consisting of ethylene, pit^lene, 1 -butene, 1-penteoe, 1* 
hexene, 4-methyM-penienet S-methyM-hexene, 4-ethyi-l-hexenc, 1-octene, 3-pfaeiiylprQpene» 

20 and mixtures thereof; 

(b) the vinylidene atoinadc confound is selected from the group con^ 

methylstyrcne, ortho-foethylstyrene, meta-methylstyrene, para^methylstyrene, cfalorostyreoe, 
vtnylbenzocyclbbatane, divinyibeozene, and mixtures thereof; and 

(c) die optional diene is selected from the group consisting of butadiene, l,3-pentadiene» 1|4- 
25 pentadiene, isoprm, 1 A^iexadiene, 7-inethyl-l,6-octadieiie, dicyclopentadiene, 

mediylenenarboraene, ethylidenenorboniene* metfayltetrahydroindene» and mixtures thereof. 

24. The tibeiino|dastic vulcanizate of Claim 23. ii^ierein die therinop^ 

is selected from die group consistnig of ethylene, propylene. 1-butene. l-pentene, 1-hexene. 24nethyl-U 
30 propene. 3-mediyM-pentene. 4-mediyM-pentBne, S-methyM-hexene. and mixtures thereof. 

25. The theroKiplastic vulcanizate of Qaun 23. wherein the a-oiefm is edi^^ 
vinylidene aromatic compound is stymie, and die diene. ^en pcsent is ediylidenenottanene. 

35 26. The thermcqilastic vulcanizate of Qaim 24. wherein the aH)le& 

vinylidene aromatic conqxNind is styrene. arul die diene. when present, is ediylidenenorbomene. 
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27. Atbennoplastic vulcanizateoompiisingaci^ 

interpolymer of at least one a-olefin, at least one vinylidene aromatic compound and optionally at least 
one diene distributed in a tfaennoplasdc polyolefm matrix* said thermoplastic vulcanizate being 
5 characterized by an AS7M #2 oil swell of less than 60 percent, as detennined by ASTM D-47 1 . 

28. A process for making a theniH^lasticvulcamzate comprising: 

(a) reacting at least one a-olefin with at least one vinylidene aromatic compound and optionally at 
least one diene in the presence of a constrained geomeiry catalyst to form a pseudorandom 

10 interpolymer; 

(b) intimately mixii^ the pseudorandom interpolymer with at least one thennc^lastic polyolefin at a 
temperature above the melting or softening point of the thermoplastic polydefm; 

(c) imviding to the intirnate mixture an agent for curing the pseudorandom interpol^ 

(d) shnultaneously curing the pseudorandom interpolymer and omipoundinglheintu 
15 focmathermqxlasticvulcanizate. 

29. Tbe process of Claim 28. herein 

0) the a-olefm is selected from the group consisting of ethylene, propylene, l-butenc, 1-pentene, 1- 
bexene, 4-methyM-peniene, 5-med)yI-l-bexene» 4-ethyM-hexene, l-octene» B-phenylpropenc, 
20 and mixtures thereof; 

(ii) the vinylidene aromatic compound is selected ficon the group coi^istiiig of styiene, a* 
methylstyiene. onho-methylstyiene, meta^nediylstyrene, para-meOiylsQTOie, diloiostyreiie, 
vinylbenzocyclobutane, divinylbenzene, and mixtures thereof; and 

(iii) the optional diene is selected from tbe group consisting of butadiene, l,3-penta(fiene, 1,4 
25 pentadiene, isoprene, 1,4-bexadiene, 7-methyl-l,6-octadiene, dicyclopentadiene, 

meihyleneooriioroene, etbyiidenenofboroene, methyltetrahydroindene, and mixtures thereof. 



30. Tbe process of Qatm 28. wherein the thermoplastic polyolefm is selected 
ham the group consistiiig of ethylene* propylene. 1-butene. 1-pentene. 1-hexene. 2^etbyM-piopene, 3- 

30 melhyM-pentene,4-iiietbyl-l-pentene,S4nelhyM-hexene.andinixtu^ 

3 1 . Hie {»ooess of Qasm 28, wherein the agent for curing the substantially 
random interpolymer is selected from the group oondsting of peroxides, phenols, azides, aldehyde- 
amine reaction products, substituted ureas, substituted guanidines, substituted xantbates, substituted 

35 dithiocarbamates, thiazoles, imidazoles, sulfenamides, thiuramidisulfides, paiaquinonedtoxnne, 
dibenzoparaquincnedioxime, sulfur, and mixtures thereof. 
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32. The process ofClaim 28, 29. 30 or 31, wherein the oonstiaii^ 
catalyst ooonpises a metal cxxmHnadon complex comprising a metal of Group III or IV or the 
Lanthanide series of the Periodic Table o£ the Elements and a delocalized Il-bonded moiety substituted 
5 widi a coustram-indocing moiety, said complex having a constrained geometry the metal atom such that 
the angle at the metal between the centioid of the delocalized, substituted H-bonded moiety and die 
center of at least <Hie remaining substituent is less than such angle in a similar complex containing a 
similar II-bOTded moiety lacking in such constrain-inducing substituent, and [rovided fuitber that for 
such ooo^lexes coii^)rismg more than one delocalized, substituted x-bonded moiety, only one thereof 
10 for each metal atom of the complex is a cyclic, delocalized, substituted fl-bonded moiety. 



33. Tbe process of Claim 32, wherein the consttained geometry catalyst is activated 
by a oocatalyst selected from the group consisting of polymeric alumoxanes, oligomecic alumoxanes, 
pcdymeiic caibynKMaaes, (digomeric carbylboiai^ monomeric carbylbon 

1 5 aluminum halides, haloaluniinum alky Is, ammonium salts, silver salts, ferrocenium Ions, and mixtures 
thereof. 

34. A process for making a theiinop]asticvulcanizateoQnq[nisli^: 

(a) reacting at least one a-olefin with at least one vinylidene aromatic compound and optionally at 
20 least one dieoe in the presence of a constrained geometry catalyst to fonn a substantially random 

interpolymer, 

(b) intiniatdyinixing the substantiaUynmdominteipolymer with at least one therm 

at a temperature above the melting or softening point of the thermoplastic polyolefin; 

(c) providing co the imimaie mixture an agent for curing the substantially random interpolymer, 
25 (d) ahnnltanenuslv curing the substantially random integiolymer and oompfMinditi^ tha inriinnri% 

mbiture to form a thermoplastic vulcanizate. 

35. A fidHicated part comprising a crosslinkedpseudmndcHuinteqiolymer of: 

(a) finxn 15 to 70 weiglu percent of at least one a-okfmsdectedCrom the groiq>o(m^^ 

30 ethyieoe, propylene, l-buteoe^ 1-pentene, 1-hexene, 4-mediyl-l-pentene, S-methyl-l-hexeoe» 4- 

ethyl-l^xene, 1-octene, 3-phenylpropene, and mbcuires diereof; 

(b) fimn 30to 70 weight peroeat of at least one vteylideiie aromatic compound selected firom the 
groups consisting of styrcne, o-methylstyrene, ordio-metfaylstyrene, meta-methylstyrene, paia- 
mediyis^reiie, dilorostyrcne, vinylbenzocydobutane. divinylbenzene, and mixtures tiiereof; 

35 (c) romOto 15 weight peroemirf at least one dienesdectedfinnii the grou^ 

13*pcotadiene, l,4pentadiene, isoprene, 1,4-hexadiene, 7-methyM,6-octadieiie, 
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dicyclopentadiene, melhylcncnoibomenc. ethyUdenenorboniene, mcthyltetrahyditMndenc. and 
mixluies thereof . 



10 



36. A fabricated pan ooimprismg a thennoplastic vulcanic 

(a) ftom 10 to 90 weight percent of a cros&linked substantially candom intetpolymer of 
(i) from 15 to 70 weight percent of at least one aK)lcfin selected ton the group consisting of 

ethylene, pfopylene. l-butenc„ l-pcntcnc. l-hcxcne, 4.methyM-pentene, S-nietbyl-l* 
faexene. 4-e(hyM'hexene, 1-octene, 3-phenylpropcne» and mixtures thereof; 
Cii) fiom 30 to 70 weight percent of at least one vinylidcncaromaUccomp^ 
the groiqis consisting of styiene, a-methyUtyrene* Dftho-medbyl^^ 
metbjAsqrmie, paia-methylstyrene, cfalocosQrrene, vinylbeozoqfdobiitaDe, divinylbenzene^ 
and mixtures thereof ; and 

fiu) fiomOtolSwcightperccntofailcastoncdienesdeciedfromfliegroupcoD^ 

butadiene. U-pentadiene. 1.4 pentadiene, isoprene. 1.4.hexadiene. 7.mcthyM.6.octadiene. 
15 dicyclopentadiene. mcthylenenortxwnenc, ethytideneoortxmiene, methyltetrahydroindene. 

and mixtures thereof; and 

(b) Cnwn 10 to 90 weight percent of at least one thennoplastic polyolefm selected fiom the group 
consisting of ethylene, propylene, 1-butene. l-pentene, 1-hexene, 2-methyI-l-propene, 3*meifayl-l- 
pentene. 4-methyl-l-pentene, 5-methyM-hexene, and mixtures theicof. 
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Elaslomers suitable for use over a broad range of temperatures and which are also less 
suscq)tiblc to orooc degradation arc desired. Thcimosct elastomers which arc piqiared from elastomers 
having high green sdeogth (which provides greater flexibility in their handling i»ior to curing) arc 
l»rtk»lariy desired. Also desiie4 arc tbenno^ 
5 in f a h f i cated parts n^cfa typtodly contact oiU such as automotive parts and gaskets, Alsodesiredarc 
tennoset d asto m c m wUch easily andeiigo sui^ modification, to pnxnote smf aoe adhesion of the 
dasiooieraiid/ortopnyvldeiooicsiiesontfaeclasioi^ Also desired is a process for pf^Mving 

sud) thennosetelastoinefs. 

Hiennoplastic vulcanizates are crystalline poiyolefinlc matrices through wbicb rtimmwft 
10 elastoiners are gctieraDy uniformly distributed. Examples of thermoplastic vufcanizatesiiiGladeEFM 
and EPDM feeimoset maifrials distributed in a crystalline polypropylene matrix. Sudi thennoplastic 
vulcanizates are ^sadvantageous, in that they arc susceptible to oil degradation. Tbennof^astic 
vulcanizates which are more resistant to oil are desired. Also desired is a process for pitpaiing such 
diennoplastic vulcanizates. 
IS Summaiyofloveiitioo 

Hie subject tavcotioo provides a thermosct elastomer comprising a amsijnfcwi f^ihn«ntiaily 
random inteipo^fmer of: (a)in)m 15 to 70 weight percent of at least one a-6lerui,<b)fian 30to 70 
wdgfatpeicentormleastoiiev]nyUdeneaRamaiccoinpound,and(c)fi^ ISwd^litperceiitofai 
least one dieoe. 

20 Ibe subjea invention further provides a process formating a thennoset elastomer comprising: 

(a) reacting at least one a-olefm with at least one vuiylidene aromatic craipound in die 
presence of a constr^ned geometry catalyst to form a substantially nuidom inte^ 

(b) Qoaog die snhtfanrially random interpolymer to form a tiietmoset elastooier. 
llie sttbfect inventioo further provides a thermoplastic vulcaniza^ 

25 (l)acrDS8liiM8nb8l8niiaU7fandominterpolymer<tf(a)^ 

least one aKdeSn.(b)Cpom 30id 70 ii^ghtperoent of at least one vinyUdene aromatic annpound, and 
(c)fiomOto 15«e|ghtpefoentofatleastOQedieQe;aod 
^ M least one iheimoplastic poiydefltt 
Tbetnbjectfawentionfhitfaerptovides a process irffmidem 
30 oompristaig: 

(a) reacting at least one €H>]efin with at least one innylidene aromatic oompound and optionally 
at least one diene in the presence of a oonstiained geomeoy catalyst to form a substamiaUy land^ 
intenx>lymen 

(b) intimalely mixing die substantially random interpolymer with at least one tiietmc^lastic 
35 polyolefin at a temperature above the melting or softening point of tiie thermoplastic polyolefin; 

(c) providing to the intimate mixture an agent for curing die substantially random mteqx>lymer, 
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(d) simultaneously curing the subsiantiaUy random intcsfpolymcr and compounding the intimaie 
mixmre to form a tfaennoplastic vuicanizaie. 

Tbt sobject invention further comprises UbtvcBM parts comprising the thermosei elastomers or 
thermoplastic vulcanizates of the invemioa 
5 TTicsc and other eihbodiments are more fully described in the foUowing Detailed Description, 

llie term **polymei^' as used herein lefeis to a polymeric compoimd prq^ 
monomers wfaetfier of the same or a different type. Hie ^neric term polymer dius embraces the term 
bomopdymcr. usuaUy employed to refer to polymers prqnred fiom only one type of monomer, and the 
term interpolymer as defmed hereinafter. 
10 Tlic term **interpolymer'* as used herein refers to polymers ptcpartd by the polymerizatioa of at 

lea^ two (fifferent types of monomers. The generic term interpolymer thus includes copc^ymers^usuaUy 
employed to refer to polymers prepared from two different moncmiers. and polymers prepared fiom 
mote dian two different types of monomers. 

Statements herein diat a polymer or Interpolymer comprises or contains certain monomers, 
15 mean that such polymer or Interpolymer comprises or contains pdymerized therdn units derived bom 
suchamonomer. Ihv example. If a polynwr is said to oontam ethylene monomer* the polymer 
IncoipocatBd m it an ethylene derivative, that is. -CH2-CH2*. 

Hie elastomeric theimoset oonqxisltions of the bventkm are piefcraljly substantiaUy random 
substantiaUy Imear or linear Interpolymers oomprishig an olefin and a vinyUdene aromatic monomer. 
20 which inteipolymers have been crosslinked to yield thermoset behavior. As used hetehi. die tenn 

••substantially randwn- means that the distributioa of the nKmomers of the interpolymer can be described 
by the Bemoullian statistical model or by a first or second order Maricovian statistical model, as 
described by J. C Randall in Polymer Sequeooe Determination. Cart>on.l3 NNfR Method, Academic 
Press New Yoric, 1977, pp. 71-78. Substantially random interpolymers do not contam more than 15 
25 weight peroentof die total amount of vio]4ldene aromatic monomer In blodcs of more dian dnee 
vInylkleQe aromatic monomer units. 

PseodorBodom Interpolymers are a subset of substantially random interpolymers. 
P Ku dotan d omtoterpcflyineBB ate cha ra c ttrlac dbv anarch 
pbenyl) groups which are pendant fitom die pol^iner badd^ 
30 backbone units. In otiier words, die pseudorandom Interpolymers of die hivention. In didr 

noncrosslinked state, can be described by the following general formula (using styrene as die ^ylidene 
aromatic monomer and ediylene as die a-olefin for IllustrBtion): 
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Noncrosslmked pseudorandom intttpolvmers are described in Eiifopgflii Patent PuMimft^ 4\^jf\^/i^ 
die relevant parts of whidi are incorporated herein by reference. 

While not wishinjt to be bound by any particular tbewv. it i& believed feat Airing th^ fl^ itkm 
S polymerization reaction of, far exanqple, ethylene and styrene. In the presence <tf a ooostrained geometiy 
catalyst as described below> if a styrene naoo<Hncr is inserted into the gronnng ^\ym^ pimm^ thf nf 
monomer inserted wiU be an ediykne monomer or a styrene monomer inserted in an to 
lair* ilBsfaioa. It is believed that after an inverted or **tea-ttvteir %tynam mAnnmfr is ipstttcd, the next 
monomer wiU be ethylene, as the insertioa of a second styrene monomer at 
10 close 10 the inverted sqme monomer, that Is, less than two cBibon ba 

Micnbly, the substantially landom/pseudorandom Inieipolymer will be ^tmrnfamcd as 
largely atactic as indicated by a 13&NMR spectrum in vMOi the peak areas cMwesponding tn thi> m^n 
chain methylene and melhinr caifaons representing cither meso disd nggii^nr^ nr trmnif 4latf 

sequences does not exceed 75 peioent of the total peak area of the main dahi meOiyle^ 
IS carbons. 

Ibe substantially random/pseudorandom tnteipolymers may further be chjffacttftod as either 
linear or substantially linear. As used herein* the terai "substantially lineai^' means that the interpolymer 
is chancietized as having kmgdiainbfancfaes. In ctxitrast, the term ^linear" means that the 
BUeqpolymer lacks kmg dudn branches. 
20 SubstamiaJlyltoearinietpoiymcfsarediaradcriaedaslaviiig^ 

deiemifaied by ASIM D-123S) 2 S.<S3, a molecular weight distributkm (as detennuied by gel pcnneation 
cittwtttvnvhy) MwA% ^ 010/12^ 

fracture of at least SO percent greater than die cfitical shear rate at die onset of sii^^ 
linear <^efin pcdymer having about the same I2 and M^/K^ or a critical shear rate 
2S melt fracture of greater than about 4 X 10^ dynes/cDQ^. 

To identify 0ie okU firacture pbenomeoat an apparent shear stress vs. an»rent shear ^ 
may be emi^yed. Acowding to Ramamurtfay In Journal of Rheotogy, 30(2)337-3S7, 1986, above a 
oeitahi critical fk>w rate, the observed extrudate irregularities may be broadly classified into two nudn 
9pes: suifiBoe melt finctore and gross mdtfitactute. 
30 SurCaoenidt fracture occurs under qjparently steady fkw 

loss <tf4»ecolar gloss 10 the more severe form of "sharicsldn^ As used herein, the onset of surfriog melt 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



